worldwide. They were often reported by earlier authors as an informal group of "triangulate monograptids" and assigned to the broadly based genus Monograptus (see e.g. Sudbury 1958 , Rickards 1970 , Hutt 1975 , Rickards et al. 1977 . New insights into graptolite thecal morphologies and recognition of several similar monograptid generaCampograptus (Obut et al. 1968) , Lituigraptus (Ni, 1978) and Torquigraptus (Loydell, 1993) -restricted some of the remaining "triangulate monograptids" to species with rhabdosomal and thecal forms that correspond with those of the genus Demirastrites (Eisel, 1912) , as diagnosed by Přibyl & Münch (1942) and Štorch (2015) .
The first appearance datum of Demirastrites triang ulatus (Harkness, 1851) , the type species of the genus and biozonal index fossil of the lowermost Aeronian graptolite biozone, has been widely used as a marker of the base of the Aeronian Stage (e.g. Štorch 1994 Štorch , Melchin et al. 2012 Štorch , Štorch et al. 2018 . Although some fragmentary specimens with similar isolated thecae, assigned questionably to Demirastrites brevis (Sudbury, 1958) , have been found in strata as low as the topmost Rhuddanian of the Rheidol Gorge section (uppermost Coronograptus cyphus Biozone - Melchin et al. 2018) , the first appearance and abrupt proliferation of D. triangulatus marks lowermost Aeronian strata and began a rapid Aeronian expansion of monograptids with more-or-less isolated and hooked metathecae (Demirastrites, Campograptus, Rastrites, Lituigraptus, Torquigraptus and some species provisionally retained in "Monograptus"). Although Demirastrites triangulatus and its eponymous biozone have been reported from Siberia (e.g. Obut et al. 1968) and China (Chen & Lin 1978 , Anhui Geological Survey 1982 , Li 1995 , specimens assigned to D. triangulatus in Siberia and China differ from the European form in their lesser dorso-ventral width (DVW), less prominent thecal apertural processes and some other morphological details. Demirastrites pectinatus (Richter, 1853) , likely a descendant of D. triangulatus, has been employed as an index species of a graptolite biozone overlying the D. triangulatus Biozone in peri-Gondwanan Europe (e.g. Bouček 1953 , Štorch 1994 , Loydell 2012 and as a subzonal index in Arctic Canada (Melchin 1989 , Melchin & Holmden 2006 . It is the senior synonym of Monograptus fimbriatus (Nicholson, 1868 ) (e.g. Bjerreskov 1975) , commonly reported from the same stratigraphical interval in Britain, which was assigned to the upper D. triangulatus Biozone by Zalasiewicz et al. (2009) .
A continuous, stratigraphically ordered morphological series of "triangulate monograptids" assigned to Monograptus fimbriatus, M. raitzhainensis and M. triang ulatus was first recorded and interpreted by Challinor (1945) from Rheidol Gorge, Wales. Based on more detailed systematic study of larger, more densely sampled collections of well-preserved, pyrite-infilled specimens from the Rheidol Gorge section, Sudbury (1958) revised the interpretions of the proposed lineages among the taxa preserved at that section and brought substantial progress in our understanding of the morphological details and the stratigraphical succession of the "triangulate monograptids". In particular, Sudbury (1958, fig. 24 ) proposed a hypothesis for the evolution of members of the D. triangulatus group based on data from the Rheidol Gorge section. It is important to note that Sudbury (1958) had named the various members of the triangulatus group as subspecies of Monograptus separatus, but later corrected this, recognizing that the name Monograptus triangulatus had priority over M. separatus (Sudbury 1959) . Her study of the evolutionary relationships among the members of the Monograptus triangulatus group spanned the lower part of the gregarius Biozone, an interval that is now recognized as the lower to upper part of the M. triangulatus Biozone of Zalasiewicz et al. (2009) , which correlates with the D. triangulatus Biozone and lower part of Demirastrites pectinatus Biozone of continental Europe (see . Lower Aeronian graptolites of the Rheidol Gorge section, a locality proposed as one of the candidate sections for the new base Aeronian GSSP (Melchin et al. 2016b , are confined to a number of black-shale bands interbedded with graptolite-barren mudstones (Jones 1909 , Sudbury 1958 , Cullum & Loydell 2011 . As a result of the unfossiliferous intervals, the record of graptolite evolution is not complete in that section. Rhabdosomes collected from some fossiliferous bands are preserved in full relief but affected by varying degrees of brittle cleavage deformation. Also, some apertural details are not completely preserved in the pyrite internal moulds. No chemically etched specimens of undoubted members (2015) and Štorch et al. (2018) for locality details.
of the D. triangulatus group have been previously reported either from Wales or elsewhere.
Detailed examination of the present material from the Hlásná Třebaň section, supplemented with further collections from Všeradice, Černošice and Karlík (Fig. 1) , as well as some specimens from Spanish and Austrian localities, has shed more light on high-resolution biostratigraphy, correlation, palaeobiogeography, as well as proposed anagenetic changes and speciation events in the lower Aeronian monograptids assigned to the genus Demirastrites Eisel, 1912 . Demirastrites extremus and D. predecipiens, both described by Sudbury (1958, as subspecies of Monograptus separatus), and ?Demirastrites similis (Elles & Wood, 1913) have not been recognized Morphological modifications attributed to speciation: 1 -early derivation of D. campograptoides from demirastritid stem-line through rapid transition from a few rastritid proximal thecae to robust, slightly hooked distal thecae is tentatively suggested; 2 -origin of D. pectinatus from late form of D. triangulatus marked by prothecal shortening and rapid decrease of thecal isolation, increasing thecal width (robustness), significant shortening of lateral apertural processes and lessening of the DVW and of proximal dorsal curvature of the rhabdosome; 3 -origin of D. major resulted in more densely spaced, ventrally curved sub-rastritiform metathecae, which became significantly longer at the expense of the prothecal part (greater DVW and lesser 2TRD in mesial and distal part of the rhabdosome), and maximum extension of lateral apertural processes. Gradual shift in some of the morphological characters has been ascribed to anagenetic changes; 4 -typical form of D. triangulatus developed from the early morphotype by developing several fully rastritiform thecae near the proximal end, and more densely spaced thecae in the distal part of the rhabdosome. Theca 1 and th2 became higher, the rhabdosome width increased more rapidly; 5 -relatively short ranging typical form was soon replaced by specimens of the late form with tightly coiled proximal part and more densely spaced and less inclined thecae furnished with more strongly developed apertural processes; 6 -D. pectinatus recorded progressive lessening of mesial and distal DVW in stratigraphically higher specimens, in part due to lower thecal inclination, and further lessening of thecal isolation; 7 -D. major went through progressive straightening and remarkable protraction of the proximal part having proximal prothecae substantially elongated at the expense of metathecae. Abbreviations: p. -persculptus Biozone; a. -ascensus Biozone; acum. -acuminatus Biozone; vesic. -vesiculosus Biozone; H -Hirnantian. Section log and sampling after Štorch et al. (2018) . Simplified drawings of recognized morphotypes (×2) are based upon real specimens.
in our collections, nor have they been recorded with certainty elsewhere in continental Europe. Demirastrites triangulatus separatus (Sudbury, 1958) is not regarded here as a distinct subspecies of D. triangulatus (see discussion of this species below).
The present study, based on bed-by-bed sampling of the continuously fossiliferous Hlásná Třebaň section, with abundant, albeit flattened specimens of Demirastrites, has enabled detailed insights into the morphological changes through the stratigraphical ranges of the species present: D. triangulatus (Harkness), D. major (Elles & Wood) , D. pectinatus (Richter) and D. campograptoides sp. nov. (Fig. 2) . Specimens assigned to "Demirastrites" brevis (Sudbury 1958) (originally named Monograptus toernquisti brevis) also occur in the D. triangulatus Biozone at Hlásná Třebaň (Štorch et al. 2018) . This taxon is not included in this study because our available specimens are too sparse and incomplete, consisting only of near-proximal to mesial fragments, for complete documentation of its morphology and phylogenetic relationships. In addition, although the distal thecae of this species, as it is known from the type material, are sub-rastritiform, similar to those of early forms of D. triangulatus (although shorter), the proximal three to four thecae are highly axially elongate, so there is some question as to whether this species should be assigned to Demirastrites.
Material and methods
This study is based mainly on 218 specimens of Demirastrites, which were well enough preserved for detailed morphometric analysis, collected from the Demi rastrites triangulatus and D. pectinatus biozones, sampled bedby-bed from the base Aeronian GSSP candidate section at Hlásná Třebaň (Štorch et al. 2018) . This material has been complemented by other less complete and/or less well-preserved specimens from Hlásná Třebaň, as well as specimens from several other localities within the Prague Synform (Barrandian area of central Bohemia, Czech Republic): Všeradice (Štorch 2015) , Zadní Třebaň and Černošice (Štorch 1994) . Further specimens employed in this study came from measured lower Aeronian sections in southwestern Spain (El Pintado section, see Loydell et al. 2015) and the Carnic Alps (Oberbuchach Nölblinggraben section, Jaeger & Schönlaub 1977) . The studied specimens are compared with published, well-documented collections from Thuringia (Schauer 1971) , Brittany (Piçarra et al. 2009) , southwestern Sweden (Törnquist 1899) , Bornholm (Bjerreskov 1975 , Loydell et al. 2017 , Latvia (Loydell et al. 2003) , Lithuania (Paškevičius 1979 ) and the UK (Elles & Wood 1913 , Sudbury 1958 , Rickards 1970 , Hutt 1975 .
In order to complete the systematic revision, vital for correlation and subsequent palaeobiogeographical studies, we also examined specimens from Morocco (PS personal observation, see also Willefert 1963) , sections in South China, including material deposited in Nanjing Institute of Geology and Palaeontology, collections from northwestern and Arctic Canada (see also Lenz 1982 , Melchin 1989 , and published data from Siberia (Obut et al. , 1967 (Obut et al. , 1968 .
Graptolites from Hlásná Třebaň and other Czech sections are preserved as flattened impressions, either carbonized or partly pyritized. Spanish specimens are also flattened but the rhabdosomal material is overgrown by a pale ?chloritic mineral.
For a better understanding of the thecal morphology, study of the flattened material has been supplemented by observations on fragments of Demirastrites ex gr. triangulatus chemically isolated from limestone nodules, studied by scanning electron microscopy, from the pectinatus-triangulatus Subzone of the Cape Manning section, Cornwallis Island, Arctic Canada (see Melchin et al. 2017 , for locality details).
The detailed morphological and morphometric analysis, based upon 43 characters, was performed using the 218 most complete and/or best preserved rhabdosomes from Hlásná Třebaň. Additionally, 38 specimens from Všeradice, Zadní Třebaň and Černošice sections and 10 specimens from the Spanish El Pintado Section, were used in determining the ranges of variation in thecal form and dimensions for the species descriptions. In the species decriptions (M) indicates mean value and (n) indicates number of specimens used for calculation of mean values of the respective characters. Mean values were calculated only in those cases where ten or more measurements were available for a particular character. Specimens were photographed with an Olympus BX16 microscope fitted with a Canon EOS 1200D camera, line drawings were made using a camera lucida and traced using Adobe Photoshop software.
The following characters have been measured and/or described (see Fig. 3 for graphic explanation): width of the sicular aperture; sicula length; distance between the sicular aperture and point of origin of th1; location of the sicular apex relative to the base of the dorsal wall of the first metatheca; dorso-ventral width of the rhabdosome (DVW) at th1, 2, 3, 4, 5, 10, and distally; two thecae repeat distance (2TRD sensu Howe 1983) at th2, 3, 5, 10, and distally; total axial length of th1; prothecal tube length of th1, 3, 5 and 10; prothecal width at base of th2, 5, 10 and in distal thecae; metathecal width at the midpoint of the metathecal height at th2, 5, 10 and in distal theca; curvature of the ventral prothecal wall at th 2, 5 and 10; tapering of the metathecal tube at th2, 5, 10 and in distal thecae; ventral curvature of metathecae; maximum length of the lateral apertural processes in the proximal thecae (th1-5) and distal thecae; angle of metathecal inclination at th2, 5, 10 and in distal thecae; angle of rhabdosome curvature between the sicula and th10; and, ordinal number of the most distal rastritiform or sub-rastritiform theca.
The graptolite material for this study from the Prague Synform is housed in the Czech Geological Survey, Prague in a collection prefixed PŠ, and Spanish specimens prefixed MGM are housed in Museo Geominero, Instituto Geológico y Minero de España, Madrid. Type specimens prefixed GSM are housed in British Geological Survey, Keyworth; specimen prefixed SM is housed in Sedgwick Museum, Cambridge; a type specimen prefixed BGR X is housed in the Bundesanstalt für Geowisseschaften und Rohstoffe, Berlin. Specimens from Arctic Canada prefixed ROM are housed in the Royal Ontario Museum, Toronto, and those prefixed GSA are in the type collections of the Geological Survey of Canada in Ottawa.
Comments on overall morphology and taphonomy
All species of Demirastrites show at least some gradient in their thecal form from the proximal to distal end. The terminology that we employ in this study pertaining to overall thecal form, as well as apertural form, is illustrated in Fig. 4 . We restrict the term "rastritiform" thecae to those that possess parallel-sided prothecae and straight, parallel-sided metathecae that emerge at a high angle from the prothecae. If there is a parallel-sided to gradually widening protheca whose ventral wall is clearly distinct (marked by a point of inflection -we refer to this portion of the prothecae as "prothecal tubes") from that of the more erect metatheca but the metathecae are tapering and/or curved, then these are referred to as "sub-rastritiform" thecae. If the ventral wall of the protheca is highly inclined and/or strongly concave and merges smoothly into that of the metatheca with no distinct prothecal tube, and the thecae are high (significantly higher than wide) and triangular in overall form, then the thecae are referred to as "high-triangulate".
The thecal morphology most commonly associated with the genus Demirastrites is fully rastritiform thecae proximally, gradually changing to high-triangulate distally. Many specimens of D. triangulatus and D. major display this typical morphology. However, some specimens that we have assigned to D. triangulatus show slightly tapering and/or slightly curved (sub-rastritiform) (Fig. 4A ) proximal metathecae. Many specimens of D. major also show slightly curved proximal metathecae. Demirastrites pectinatus and D. campograptoides are both characterized by possessing sub-rastritiform thecae proximally. In the case of the former species, there are only a few subrastritiform thecae before they change to a high-triangulate form (Fig. 4A ). There are also specimens of D. triangulatus and D. major that appear to retain the sub-rastritiform thecae, with distinct prothecal tubes, into the distal part of the rhabdosome. It is difficult to know how much of this apparent variation in form of the prothecae is the result of slight differences in the mode of flattening compression, but similar intraspecific variations in prothecal form can Figure 3 . Some of the characters measured on rhabdosomes in this study: a -width of the sicular aperture; b -sicula length; c -distance between the sicular aperture and point of origin of th1; d -location of the sicular apex related to dorsal wall of the first metatheca; e -dorso-ventral width of the rhabdosome (DVW) at th1, 2, 3, 4, 5, 10, and distally; f -two thecae repeat distance (2TRD) at th 2, 3, 5, 10, and distally; g -total axial length of th1; h -length of ventral prothecal wall at th1, 3, 5 and 10; i -prothecal width at base of th2, 5, 10 and in distal thecae; j -metathecal width at midpoint of the metathecal height at th2, 5, 10 and at distal theca; klength of lateral apertural processes in proximal thecae (th1-5) and distal thecae; l -angle of metathecal inclination at th2, 5, 10 and at distal thecae; m -angle of rhabdosome curvature between th 1 and th10. also be seen in the uncompressed pyrite mould specimens of some of these taxa illustrated by Sudbury (1958;  "M. separatus separatus" and "M. separatus fimbriatus" on pl. 19, "M. separatus triangulatus" on pl. 20).
The thecae terminate in relatively narrow, proximally facing apertures, transversely extended into a pair of slightly enrolled lateral processes the concave surfaces of which face proximally to dorso-proximally. This is well illustrated by rare chemically isolated fragments of D. ex gr. triangulatus from Arctic Canada ( Fig. 4B-E) . The considerable morphological variability observed in the thecal apertures of flattened specimens is most likely a combination of both primary biological variability and secondary taphonomical variation. In particular, the apertural parts of the thecae are variously deformed by differing degrees and angles of flattening. We presume that in the case of burial in relatively soft sediment, the thecae are likely to have been flattened in profile with lateral processes oriented perpendicular to the rhabdosome plane, buried within the under-and overlying soft sediment. In case of "cling-film preservation", in which the sediment surfaces are believed to have been firm due to bacterial mats (Jones et al. 2002) , which appears to have been particularly common in Silurian graptolite black shales, the lateral apertural processes are commonly flattened and folded, either one up and one down over the aperture (Figs 7A, C, E; 8R; 9G, K), both folded up (Figs 6D, E; 7C; 8O), or both folded down (Figs 5G, 8L, 9K), or, in some cases the whole aperture was laterally twisted showing both processes extended in their original horizontal position (Figs 6C; 7E, J; 9B, D, E, P). The lateral apertural processes are usually small in the most proximal thecae and became more prominent in mesial and distal thecae as shown on Fig. 4B -E, for example.
The tightly curved proximal parts of D. major, D. pectinatus and stratigraphically high specimens of D. triang ulatus, with the sicula and th1 crossing the stipe at the level of about th7, suggest that the rhabdosome had a low helical spiral shape that has been flattened onto a single plane by clingfilm preservation. 
Systematic Palaeontology
The measurements of dorso-ventral width (DVW) and twothecae repeat distance (2TRD) at several points along the rhabdosome for all described species are presented in Tab. 1.
Family Monograptidae Lapworth, 1873
Genus Demirastrites Eisel, 1912
Type species. -Demirastrites triangulatus Harkness, 1851, from Frenchland Burn near Moffat, Scotland. Subsequently designated by Přibyl & Münch (1942, p. 3).
Diagnosis. -(emended from Štorch 2015) . Rhabdosome with proximally accentuated dorsal curvature. Sicula small. Thecae isolated, ventral prothecal wall free, parallel to rhabdosome axis, concave or slightly inclined. At least three or four proximal thecae rastritiform to subrastritiform, although th1 is commonly elongate. Distal thecae either sub-rastritiform or high-triangular. Thecal apertures proximally facing, slightly hooked, narrow, symmetrical, transversely extended into a pair of ear-like lateral apertural processes. Holotype. -Specimen no. PŠ 3988a from the lower Aeronian middle triangulatus Biozone (sample HT160-170) of the Hlásná Třebaň section, Bohemia; figured by Štorch et al. (2018, p. 369, fig. 7j ) and refigured herein in Fig. 5F .
Type horizon and locality. -Lower Aeronian middle triangulatus Biozone, sample HT160-170, Hlásná Třebaň section, Bohemia.
Material. -Ten flattened, more-or-less complete rhabdosomes from the middle-upper triangulatus and lowermost pectinatus biozones of Hlásná Třebaň section, and two incomplete specimens from Všeradice.
Etymology. -Campograptoides, after the distal thecae, which superficially resemble those of coeval species of the genus Campograptus.
Diagnosis. -Rhabdosome dorsally curved, hook-shaped in proximal part, 1.0-1.4 mm wide distally. Sicula small, apex attaining the level of the dorsal wall of the first metatheca.
Thecae markedly biform. Nine to twelve proximal thecae sub-rastritiform. Distal thecae triangular, strongly inclined, numbering 9-10 in 10 mm, terminated by rounded weak hooks with narrow, proximally facing apertures transversely extended into relatively small lateral processes.
Description. -The rhabdosome is dorsally curved throughout, hook-shaped in the proximal part, which is curved through an angle of 180-270° within 10 proximal thecae. The sicula is 0.7-0.8 mm long, straight, and 0.16- The prothecae are 0.4-0.7 mm long in the five most proximal thecae, and prothecal width increases from 0.08 mm at th2 to nearly 0.2 mm at th5. The proximal metathecae are slightly narrowing tubes ca 0.2 mm wide at th2 and 0.2-0.3 mm wide at th5, all inclined at a mean angle of 78°. Subsequent thecae become more inclined, more triangular, and more markedly hooked. Prothecal length decreases to 0.2-0.5 mm at th10, whereas prothecal width increases to 0.25-0.35 mm. Distal metathecae attain a mid-point width of 0.3-0.45 mm. Distal thecae are triangular with no distinct prothecal tube, inclined at 40-55° to the rhabdosomal axis, and terminated by rounded, weak hooks with proximally facing apertures and apparently short lateral apertural processes.
Discussion. -This uncommon species was assigned to Demirastrites raitzhainensis (Eisel) by Štorch et al. (2018) due to its relatively strongly inclined, blunt and rounded distal thecae, which are almost campograptid in shape.
Monograptus raitzhainensis was named (as Monograptus convolutus var. Raitzhainiensis) but neither described nor figured by Eisel (1899) and was first figured but still not described by Eisel (1908) . Close examination of the figures and description of the material subsequently described by Törnquist (1907) and Eisel (1912) reveals that the distinctive appearance of this form is a preservational artefact, with distal thecae heavily deformed by tectonic strain, a possiblity discussed by Törnqust (1907) . In addition, specimens identified and figured as M. raitzhainensis by Elles & Wood (1913) were assigned to M. separatus separatus and M. separatus triangulatus by Sudbury (1958) and, therefore, to Demirastrites triangulatus in the sense of the present paper.
Demirastrites campograptoides is distinguished from other species of Demirastrites primarily by its more highly inclined distal thecae, lower distal DVW, and generally lower distal 2TRD. In addition, the lateral processes appear to be less prominent on the distal thecae of D. campograptoides compared with the other taxa described here, resulting in the appearance of simpler thecal hooks upon flattening. In contrast, the presence of both lateral thecal apertural processes and sub-rastritiform proximal thecae distinguish this species from species of Campograptus. In addition, species of Campograptus are generally characterized by metathecae that are relatively shorter compared to their width. Figures 6B, C Lectotype. -Designated by Přibyl & Münch (1942, p. 7) , new designation by Bulman (1957, p. 314) , see also Sudbury (1958, p. 507) . Specimen no. GSM26326 from the Rheidol Gorge, Wales, figured by Elles & Wood (1913, text- fig. 328b ).
Demirastrites major (Elles & Wood, 1913)
Material. -Twenty-nine flattened, more-or-less complete rhabdosomes from the lower and middle pectinatus Biozone of the Hlásná Třebaň section and four incomplete rhabdosomes from Všeradice.
Diagnosis. -Rhabdosome dorsally curved, coiled in the proximal part, attaining a width of 2.0-2.3 mm by th18-20. Proximal thecae slender, rastritiform to sub-rastritiform, commonly slightly ventrally curved. Distal thecae subrastritiform, parallel-sided, slightly ventrally curved, numbering 10-12 in 10 mm. Narrow, proximally facing thecal apertures transversely extended into prominent lateral processes.
Description. -The rhabdosome is arcuate, with dorsal curvature that is more tightly coiled and probably slightly helicoidal in the proximal part. It is curved through more than 300° within 10 proximal thecae, crossing the mesial part of the rhabdosome in the stratigraphically lowest specimens (early form) from the lower pectinatus Biozone.
In stratigraphically higher specimens (late form), however, the proximal end is more protracted and less strongly coiled Discussion. -Demirastrites major can be distinguished from other species of Demirastrites by having generally parallel-sided, slightly ventrally curved metathecae distally, which are separated by short, distinct prothecal tubes. In addition, the distal DVW is more than 2.0 mm (normally 2.2 to 2.3 mm) beginning at about th18-20. The thecal apertures are furnished with particularly prominent lateral processes. The proximal part of the rhabdosome is rather protracted and less strongly coiled in the late form, with metathecae shorter and more widely spaced than those in other demirastritids of the triangulatus group. The early form of this species, which occurs in the lower pectinatus Biozone at Hlásná Třebaň (Figs 6E; 7E, J, K), possesses a generally shorter and more tightly coiled proximal part with shorter, less widely spaced thecae, resembling those of the stratigraphically highest forms of D. triangulatus. The same morphology has been found in specimens from Všeradice, which were also collected from the lower pectinatus Biozone. Specimens from higher parts of the pectinatus Biozone (Figs 6B, J; 7A-C, F) exhibit progressive straightening of the proximal part and further prothecal elongation, combined with shorter proximal metathecae, resulting in a more gradual distal increase in DVW. Sudbury (1958) Obut et al. (1967) , possess a significantly wider rhabdosome, with a DVW of 3.0-3.5 mm attained 10 mm from the proximal end, and widely spaced distal thecae, which number 7-9 in 10 mm. Those specimens came from a single locality and appear to be affected by tectonic strain, so their identity is uncertain. The specimen identified as Demirastrites triangulatus major figured by Li (1995) from Yichang, China, is a distal fragment of Lituigraptus with typical, ventrally directed, wedge-shaped thecal apertural processes. Figures 6D, F, G, I ; 8A-R fig. 26 ).
Demirastrites pectinatus (Richter, 1853)
Material. -Forty-eight flattened, mostly complete rhabdosomes from the pectinatus Biozone of the Hlásná Třebaň section and fourteen rhabdosomes from the Černošice section.
Diagnosis. -Rhabdosome with proximally accentuated dorsal curvature. Small sicula with apex attaining up to the level of the dorsal wall of the first metatheca. Three to rarely five proximal thecae sub-rastritiform, one or two somewhat axially elongated. Subsequent thecae become robust, bluntly triangular in outline. Metathecae weakly hooked, slightly more strongly hooked proximally, separated by a very narrow interspace or tightly appressed in flattened specimens. Narrow proximally facing thecal apertures furnished with short lateral processes.
Description. -The rhabdosome is strongly dorsally curved proximally, more weakly distally and the maximum length is at least 50 mm. The proximal dorsal curvature ranges from 255° to 340° (M = 298°, n = 25) within the first 10 thecae. The sicula is conical, short (0.7-1.0 mm), straight or gently ventrally curved, and 0.17-0.22 mm wide across its concave aperture, which possesses a short, narrow virgella. The sicular apex typically attains the level of the base of the dorsal metathecal wall of th1 or slightly (0.1 mm) below. The three or four (rarely five) most proximal thecae are sub-rastritiform and axially elongated, with short, slightly widening prothecal tubes and triangular metathecae, inclined at a relatively low mean angle of 71° at th2 (n = 32) and 79° at th5 (n = 44). The first theca is 0.75-1.0 mm long from its point of origin to the base of the dorsal wall of the metatheca. Its slender, 0.3-0.55 mm long protheca buds 0.15-0.4 mm above the sicular aperture. The protheca of th2 is 0.07-0.18 mm wide at its base, and subsequent prothecae widen through 0.15-0.32 mm at th5, and to 0.25-0.5 mm at th10. The metathecae are 0.17-0.4 mm wide at the mid-point of their height at th2, 0.3-0.48 mm at th5 and 0.5-0.75 mm at th10. Mesial and distal thecae become more robust and bluntly triangular in outline, inclined at a mean angle of 78° at th10 (n = 42) and 70° distally (n = 31). The distal thecae are 0.55-0.85 mm wide at the mid-point of their height. The prothecae are 0.3-0.6 mm wide and the prothecal tubes are entirely reduced in the mesial and distal thecae, leaving a very narrow interspace between the dorsal wall of one metatheca and the ventral wall of the subsequent metatheca. The thecae are weakly hooked, although slightly more strongly hooked proximally; the thecal apertures face proximally and are furnished with rather short (max. 0.2 mm) lateral processes that are commonly folded across the dorsal apertural hood to form a somewhat pointed termination of the generally triangular theca.
Discussion. -Demirastrites pectinatus (Richter, 1853) may be distinguished from most other triangulate monograptids by the fact that it possesses no rastritiform thecae and very few (usually four or less) sub-rastritiform thecae. Its most proximal thecae are axially elongated with triangular metathecae. The early form of Demirastrites pectinatus corresponds in thecal shape, DVW, thecal spacing and all other relevant characters to its junior synonym, Monograptus triangulatus fimbriatus (Nicholson, 1868) , including the neotype of the latter species, which was designated by Sudbury (1958, p. 500) . All specimens reported from the Yukon Territory, Canada (Lenz, 1982 and authors' collections) are small rhabdosomes with about 10 thecae or less, and the maximum dorso-ventral width of these rhabdosomes is only 1.3 mm, which is less than that measured at the corresponding theca in European populations or in those from Arctic Canada (Melchin 1989) . In addition, the thecal spacing is closer (2TRD 1.1-1.35 mm, rarely up to 1.6 mm) and the angle of thecal inclination is also lower than that in European specimens. As a result the Yukon specimens are only questionably regarded as belonging to this species. Regarding the form of the apertural processes, we speculate that these processes were laterally projected from both sides of the dorsal apertural hood based on details preserved in some flattened rhabdosomes (Fig. 8D, K, O, R) . Somewhat more prominent dorsal apertural processes have been observed in early populations referred to D. pectinatus.
Demirastrites pectinatus can be readily distinguished from ?Demirastrites similis (Elles & Wood, 1913) by the more protracted proximal end of the former, which possesses a relatively low, triangular and axially elongated th1, and its sicula attains about the level of the first metatheca followed by several sub-rastritiform thecae. The proximal end of ?D. similis is more compressed in appearance, with a rather short and high th1 and a sicula that attains the level of the metatheca of th2. In addition, ?D. similis appears to be lacking in sub-rastritiform pro ximal thecae after th1. As a result, we have only questionably placed that species in Demirastrites.
Specimens from the Norilsk Basin of western Siberia assigned to D. pectinatus pectinatus by Obut et al. (1968) attain a lesser maximum width (1.2-1.4 mm), and possess more broadly triangular thecae of almost campograptid appearance, inclined at 45° to the rhabdosome and terminated by apertural hooks composed, for the most part, of the dorsal thecal wall. Thecal apertures face proximally and probably lack the typical transversal extension into lateral processes. Proximal thecae are axially elongated and low-triangular in profile. Specimens have been reported from the lower part of the triangulatus Biozone, which contrasts with the range of D. pectinatus in European sections. These Siberian specimens closely resemble material assigned to Demirastrites cf. triangulatus by Chen (1984) from southern Shaanxi and southern Sichuan provinces in China and specimens collected by the present authors from the "triangulatus Biozone" of the Yuxian section in southeastern Sichuan.
Demirastrites triangulatus (Harkness, 1851)
Figures 9A-X; 10A-I; 11
Lectotype. -Designated by Přibyl & Münch (1942, p. 4) . Specimen no. GSM6941 from Frenchland Burn, Dumfriesshire, Scotland, figured by Harkness (1851, pl. 1, fig. 3a, ?b) .
Material. -One hundred and nineteen flattened, more-orless complete measured rhabdosomes from the triangulatus Biozone and lowermost pectinatus Biozone of the Hlásná Třebaň section and twelve rhabdosomes from Všeradice, eight rhabdosomes from Karlík, ten rhabdosomes from El Pintado (Spain), and minor supplementary material from the Estana section (Spanish Pyrenees) and the Oberbuchach section (Carnic Alps).
Diagnosis. -Rhabdosome arcuate in distal part, hookshaped to dorsally coiled in proximal part. Distal rhabdosome width ranges commonly from 1.5-1.65 mm, rarely 1.3 mm to 2.0 mm. Proximal thecae rastritiform to sub-rastritiform, first one or two thecae axially elongated. Distal thecae, numbering 9-11 in 10 mm, are either subrastritiform or, more commonly, high-triangular, but always separated by significant interspaces. Thecae terminated by proximally facing apertures transversely extended into a pair of lateral processes.
Description. -The present specimens of D. triangulatus show significant morphological changes in several characters between the lowest collections at the base of the triangulatus Biozone to the stratigraphically highest specimens from the lowermost pectinatus Biozone. Based on these variations in form we recognize three distinct morphotypes: the early form (ranges from HT200-207 to HT185-190 m); the typical form (which most closely resembles specimens assigned to this species in other parts of Europe and ranges from HT190-200 to HT170-180 m); and the late form (ranges from HT170-180 to HT120-130 m). Rhabdosomes from the lower part of the triangulatus Biozone, including both the early form and the typical form, are hook-shaped, tightly dorsally curved in the proximal part and moderately arcuate distally. The proximal end is curved through 250-300° (exceptionally 340°) up to the level of th10. The proximal end, which may have been helical in form, is more tightly coiled in the late forms, curving through a mean angle of 340° (n = 27) between th1 and th10.
The sicula is 0.75-1.05 mm long, 0.16-0.23 mm wide at the aperture, with its apex attaining 0-0.5 mm below the level of dorsal wall of the first metatheca. In the late form the sicula tends to be slightly shorter but its apex attains a relatively higher level relative to th1. In the early and typical forms the first two proximal thecae are axially elongated with, on average, relatively shorter and more inclined metathecae, than in the late form, which normally shows only one axially elongate theca proximally.
In the early form, all or most of the thecae from th3 onward are sub-rastritiform, with a distinct, widening prothecal tube and straight to slightly ventrally curved, weakly tapering metathecae. Only a few specimens possess distal thecae that are high-triangulate (e.g. Figs 9V, 10A) .
In the typical form and late form nine to at least 15 proximal thecae (after th1) are rastritiform to subrastritiform, with significant interspaces between the normally straight metathecal tubes. In some specimens in the highest sample (HT120-130) , however, the number of rastritiform to sub-rastritiform proximal thecae decreases to less than nine. Distal thecae in the typical form and late form are high-triangulate.
In the proximal to mesial thecae, the prothecae are slender, isolated tubes, 0.07-0.13 mm wide at th2, 0.1-0.23 mm at th5, 0.15-0.35 mm at th10 and 0.25-0.5 mm in distal thecae. Prothecal width usually increases towards the metatheca inflection point. On average, prothecal tube widths tend to be in the relatively narrower ends of this range of values in the early form and in the wider end of the range in the late form. Prothecal tubes in the early form and typical form are 0.3-0.8 mm long at th3 (M = 0.52 mm, n = 28), 0.3-0.75 mm at th5 (M = 0.49 mm, n = 35) at th5 and 0.25-0.55 mm at th10 (M = 0.41 mm, n = 24). Specimens of the late form are marked by more dense thecal spacing (see Tab. 1) and consequently lower prothecal tube length: 0.3-0.7 mm at th3 (M = 0.45 mm, n = 47), 0.15-0.5 mm at th5 (M = 0.34 mm, n = 52), and 0.21 mm (n = 44) at th10.
The metathecal tubes are generally straight, although they are sometimes ventrally curved in the early form. They widen from 0.12-0.25 mm at the mid-point of th2 (M = 0.18 mm, n = 31), to 0.2-0.35 mm at th5 (M = 0.26 mm, n = 81), 0.35-0.5 mm at th10 (M = 0.42 mm, n = 68), and 0.45-0.6 mm in distal thecae. Specimens of the late form exhibit slightly wider (0.5-0.65 mm) metathecal tubes in the distal part of mature rhabdosomes. The metathecae are terminated by proximally facing apertures that are transversely extended into a pair of lateral processes. These lateral processes, particularly prominent in specimens of the late form, are 0.1-0.3 mm long in proximal thecae and commonly up to 0.4 mm long in mesial and distal thecae (Fig. 9B, D, E, P) .
The angle of inclination of the metathecal tubes increases from 57° at th2 (n = 29) in the early and typical forms, through 79° (n = 33) at th5, reaching the maximum of 81° at about th10 (n = 26) and decreases again to 73° (n = 15) in distal thecae. Specimens of the late form exhibit slightly, but consistently higher angles of metathecal inclination: M = 70° (n = 35) at th2, M = 83° (n = 49) at th5, M = 84° (n = 43) at th10 and 77° in the distal part of the rhabdosome.
Discussion. -Monograptus triangulatus separatus, described by Sudbury (1958, Fig. 9A , G), indicating that this character is also quite variable within this species. In addition, specimens of D. pectinatus with a small number of sub-rastritiform thecae occur in the lowest part of the pectinatus Biozone in the Hlásná Třebaň section. It is difficult to compare precisely the number of rastritiform to sub-rastritiform thecae in flattened specimens with those in three dimensional pyrite internal moulds from the Rheidol Gorge due to variation in the mode of flattening, combined with apparent primary morphological variability. We conclude, therefore, that Demirastrites triangulatus separatus falls well within the variability observed in populations of D. triangulatus and we see no basis for distinguishing the "separatus" form as a distinct subspecies. Demirastrites extremus (Elles &Wood) can be easily distinguished from Demirastrites triangulatus by having approximately 12 widely spaced rastritiform thecae and a maximum DVW of 2.0-2.5 mm, which is attained between th9 and th12 before it gradually decreases to 1.8-2.0 mm in the distal part of the rhabdosome. As a result, we feel that it is sufficiently distinct from D. triangulatus to be regarded as a distinct species, rather than as a subspecies of the latter.
Based on the figured specimens (pl. 20, figs 64-66) and diagnosis provided by Sudbury (1958) , Demirastrites predecipiens can be distinguished by its more axially elongated proximal thecae and lesser (1.2-1.4 mm) and more gradually increasing DVW. The widely separated proximal thecae, reported as rastritiform by Sudbury, appear sub-rastritiform on the figured specimens. The true status of this form will have to be re-examined based on its type collection supplemented by additional material.
Monograptus triangulatus var. Raitzhainiensis was recognized by Eisel (1899) and later described by Törnquist (1907) and Eisel (1908) , based on flattened material that was heavily deformed by tectonic strain, which created the appearance of its short and broad, beak-like distal thecae. The validity of this form was questioned by Törnquist (1907) , and the lectotype, designated by Přibyl & Münch (1942) , is missing. Based on the published illustrations and descriptions we consider that the original material on which this species is based most likely represents tectonically deformed specimens of D. triangulatus.
Demirastrites triangulatus has been considered to be one of the most cosmopolitan species of the Llandovery graptolite fauna. However, we have closely examined specimens assigned to D. triangulatus in China and Siberia and have found significant differences from the material assigned to this species in Europe. The maximum distal width of Chinese and Russian specimens is only 1.5 mm with mean DVW values of 1.2-1.3 mm. Their metathecae are more triangular (less parallel-sided), and more widely spaced in the proximal part, separated by wider interspaces throughout the rhabdosome. The apertural hooks are more rounded and lateral apertural processes appear to be shorter. The prothecae commonly widen more toward the base of the metatheca. The dorsal curvature of the rhabdosome is less accentuated proximally in the Chinese and Siberian specimens and the proximal end possesses a slightly ventrally curved, rather than straight, sicula. The Chinese and Russian material may represent a different, although closely related species, although, conversely, they could represent a geographical subspecies of D. triangulatus. For this reason, we regard the synonymy of the Chinese and Russian material with D. triangulatus as questionable, pending detailed comparative morphometric study. 
Morphological changes, anagenesis, and speciation
Large collections of specimens of Demirastrites derived from bed-by-bed sampling of the lower Aeronian succession in the Prague Synform, supplemented by specimens from other localities in peri-Gondwanan Europe, have made it possible to document both gradual morphological changes within species and also patterns of apparent species divergence, which are shown in Fig. 2 . As noted above, populations of Demirastrites triang ulatus can be divided into three distinct morphotypes. The early form (Figs 9O-Q, U-X; 10A, D; 11) is confined to the lowermost 22 cm of the species' range at Hlásná Třebaň (Fig. 2) . It is common in four samples . Within the relatively short range of the early form there appears to be a distinct trend toward increasing distal DVW and also greater mesial and distal metathecal width in higher collections (Fig. 12B, C) . A second, slightly different morphotype ( Figs 9M, I , J, R-T; 10B, C, F, I) co-occurs with the early form in samples , and also occurs in the overlying sample, HT180-185. Despite its relatively short range at Hlásná Třebaň, we refer to this as the typical form because it most closely resembles specimens identified as this species in other studies of European material. Although there is significant overlap in the morphologies of the early form and the typical form, the early form differs from the typical form in the following respects: the DVW increases more slowly in the early form, which is particularly evident in its lower mean DVW at th10 (Tab. 1); the metathecae are commonly slightly ventrally curved in the early form, which is rare in the typical form (Fig. 9) ; distal 2TRD is generally higher in the early form (Tab. 1); the early form commonly retains sub-rastritiform thecae throughout the length of the rhabdosome, which is rare in the typical form; the typical form commonly shows several fully rastritiform thecae in the proximal end, which are not seen in the early form. There are no evident morphological changes within the typical form through its range.
The third morphotype of D. triangulatus is the late form (Figs 9A-H, K, L, N; 10E, G, H), which occurs in all samples from HT170-180 (the sample above the highest occurrence of the typical form) to HT120-130, in the lower part of the pectinatus Biozone (Fig. 2) . Its most conspicuous difference from the early and typical forms is that the late form shows a significantly more tightly coiled rhabdosome through the first ten thecae. The late form also differs from the typical form in that it possesses, on average, more closely spaced and less inclined thecae, as well as commonly showing more strongly developed lateral processes. As in the typical form, several of the proximal thecae are fully rastritiform in the late form. The late form of D. triangulatus shows a clear pattern of gradual morphological change in its proximal thecal spacing, with the 2TRD decreasing through its range (Fig. 12A ). In addition, the stratigraphically highest specimens tend to have a lower number of rastritiform to sub-rastritiform thecae.
Two distinct forms are recognizable among specimens of Demirastrites pectinatus (Fig. 2) . The early form (Figs 6F; 8J, M, Q-R) is restricted in its stratigraphical range to the HT130-140, HT120-130 and HT110-120 samples and overlaps in the lower two samples with late form of D. triangulatus. The early form of D. pectinatus closely resembles the late form of D. triangulatus in several respects, particularly in that they retain 4-5 subrastritiform thecae in the proximal end. On the other hand, the early form of D. pectinatus differs from the late form of D. triangulatus in the following respects (Fig. 2) : loss of fully rastritiform proximal thecae and fewer sub-rastritiform proximal thecae; a more weakly coiled proximal part of the rhabdosome; less pronounced lateral apertural processes; lower 2TRD values, particularly proximally and mesially (Tab. 1); and increased metathecal width (Fig. 12C) . Further changes from the early form to the late form of D. pectinatus include further decrease in the curvature of the proximal part, lessening of the mesial to distal rhabdosome width (Fig. 12B and also Fig. 6F versus 6I) due to lower thecal inclination; further reduction in the number of sub-rastritiform proximal thecae; and further widening of the metathecae, particularly in the stratigraphically highest collections (Figs 8C, 12C) . The widening of the metathecae in the late form of D. pectinatus is unlikely to be caused solely by more intense flattening of the rhabdosome because associated specimens Demirastrites major in the pectinatus Biozone possess rather slender thecae throughout.
As with D. pectinatus, there are two distinct forms of Demirastrites major, an early form and a late form. The early form ( Figs 6E; 7D , E, H-L) occurs in the HT110-120, HT100-110 and HT90-100 samples, first appearing in the sample immediately above the highest occurrence of D. triangulatus (Fig. 2) . The stratigraphically lowest specimens of D. major closely resemble the late form of D. triangulatus, including the possession of relatively a tightly coiled proximal part of the rhabdosome, but differ primarily in that specimens of early D. major commonly possess a larger number of parallel-sided proximal to mesial thecae, metathecae that are commonly slightly ventrally curved throughout, more pronounced lateral apertural processes, and more closely spaced distal thecae. There are clear morphological trends within the short range of the early form of D. major that further distinguish it from D. triangulatus, which also appear to change gradationally from the early to the late form of D. major (Figs 6B, C, J; 7A-C, F), which occurs in the HT90-100, 80-90 and 70-80 samples: increasing proximal 2TRD (Fig. 12A) ; increasing distal DVW (Fig. 12B) ; decreasing metathecal width mesially and distally (Fig. 12C) ; an increasing number of parallel-sided (but ventrally curved) proximal to mesial metathecae (Fig. 7) ; and a more gradual increase in DVW throughout the length of the rhabdosome (Tab. 1).
Demirastrites campograptoides, with its robust, relatively low and inclined distal thecae with rounded apertural hooks and short lateral processes, seems to be quite morphologically distinct from the other species of Demirastrites in this study. The limited data suggest that it may show an increase in its proximal 2TRD throughout at least part of its range but more data are required to support this apparent trend. Although the morphological patterns described above have been documented only in a single stratigraphical succession, these observations lead us to propose that some of the apparent trends may represent anagenetic or cladogenetic events within the lineages. For example, the very strong similarities in many characters between the highest specimens of the late form of D. triangulatus and the early form of D. pectinatus suggest that the divergence of these lineages represents a speciation event that took place at the level recognized as the base of the pectinatus Biozone (Fig. 2, event 2 ). Whereas some characters change gradually through this event (e.g. mesial-distal metathecal width and reduction in number of proximal sub-rastritiform thecae), others (e.g. reduction in degree of proximal coiling) change abruptly. The same can be said of the apparent transition from late D. triangulatus to early D. major (Fig. 2, event 3 ), which involves some gradual (e.g. increasing proximal 2TRD, distal DVW, and increasing number of parallel-sided thecae) and some more abrupt (e.g. ventrally curved metatheca with more pronounced lateral apertural processes) changes marking the speciation event. In addition, several of the forms show more gradual changes within their individual ranges, which could be interpreted as anagenetic changes. Examples include: changes within the range of D. triangulatus (Fig. 2,  event 4 ), including gradually decreasing proximal 2TRD, particularly within the range of the late form; gradually increasing proximal 2TRD within the range of D. major (Fig. 2, event 7) ; gradually increasing metathecal width, and further decreases in the number of sub-rastritiform proximal thecae within the range of D. pectinatus (Fig. 2,  event 6 ). Limited material does not allow for any further insights into the evolutionary origin or anagenetic trends in D. campograptoides at this time.
It is important to reiterate that these trends have only been fully documented in a single section and must be tested in other sections that show a similarly complete record through this interval. The proposed anagenetic trends, in particular, could be the result of local ecophenotypic variation through the study section, rather than evolutionary trends within the species as a whole. In addition, the proposed phylogenetic relationships could be tested using cladistic analysis of species of Demirastrites together with other taxa that are likely to be closely related.
Conclusions
1) Lower Aeronian "triangulate monograptids" assigned to to the genus Demirastrites Eisel, 1912 (Sudbury, 1958) and Demirastrites predecipiens (Sudbury, 1958) have not been identified here and have been previously found only in Britain. Also ?Demirastrites similis (Elles & Wood, 1913) had been recorded solely from Britain until its recent discovery in Myanmar by Loydell & Aung (2017) . Demirastrites triangulatus separatus (Sudbury 1958) is not considered here to be a distinct subspecies, and Demirastrites raitzhainiensis (Eisel, 1912) is regarded here to be a junior synonym of D. triangulatus. Specimens that are potentially assignable to Demirastrites triangulatus separatus and D. triangulatus triangulatus exhibit morphological features and dimensions that fall within what we have observed to be a continuous range of variation of a single taxon, accounting for differences in mode of preservation of the type material and our collections. Differences between Demirastrites raitzhainiensis and D. triangulatus can be accounted for by the fact that the former has been strongly deformed by tectonic strain. In addition, Demirastrites triangulatus fimbriatus (Nicholson, 1868) , which corresponds with D. pectinatus in all relevant morphological characters, dimensions and stratigraphical occurrence, is considered a junior synonym of the latter taxon.
2) Although our morphological data are derived mainly from only one section, they suggest the possibility that D. triangulatus underwent significant anagenetic changes throughout its range. This lineage then split at about the level of sample HT130-140 and gave rise to D. pectinatus, which marks the base of the pectinatus Biozone, which then underwent further anagenetic changes between its early and late forms. At a slightly later stage the D. triangulatus lineage underwent significant changes, giving rise, at the level of sample HT90-100, to D. major, which then saw further significant anagenetic changes before it became extinct in the middle pectinatus Biozone (Fig. 2) . It is, however, possible that some of the changes interpreted here to be anagenetic evolutionary trends could be local ecophenotypic changes within the broader ranges of the taxa. Further comparative morphometric work and phylogenetic analysis using material from other regions will be required to test these hypotheses. Demirastrites campograptoides is a new species, to date recognized solely in collections from Hlásná Třebaň and Všeradice.
